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1. Introduction

Globd mapsare useful for avaiety of gpplications, induding biogeochemicd modding exercises as
well asderiving naturd resource inventories[1,2].  The state of knowledge of the earth surface hes
been improving over the last decade due to the increased use of synoptic satdlite data setsto map
globd land cover. Mogt gpproaches to mapping large aress utilize an unsupervised dassification
goproach [34]. Some researchers bdieve that unsupervised gpproaches are more gppropriate as Size of
sudy aressincressesto regiond scdesand beyond [5]. Thisis dueto the difficulty in obtaining a
robud training data set at these scalesto drive spectrd characterizations.  However, others have
attempted a supervisad dassification method using flexible dgorithms such as decison treeswhich

can eesily ddineste complex, multi-modal spectra signatures which are present within large study
aess[6,7,8]. A mgor god of globd land cover mapping is having the ability to monitor land cover
intermittently in order to measure land cover change. This requires arepestable method which
operates a the globd scde. Of the two mgor dassification gpproaches, unsupervised methods are the
least amenable to automation asan andys is required at each map iteration to labe output spectrd
duders Supervised techniques are more eadly automated than unsupervised techniquesasoncea
training data. st is derived, it can be used repeatedly to produce successve maps. Thus, for long term
change monitoring, a supervised goproach has didinct advantages.

However, globa - scde dassifications are ingppropriate for change monitoring purposes. Messuring
change usng consecutive dassifications has been shawn to be of limited vaue in change detection
dudies This problem is accentuated a the globd scde. Globd land cover characterizations are
admogt exdusvely the domain of moderate and coarse spatid resolution sensors. Assuch, most pixels
represent mixtures of condtituent land cover categories. Given thisredlity, measuring change or
repesting inventories using successve land cover dassficationsis problematic, unless some additiona
layer expressing probability of dass membership isemployed. Instead of using discrete categorica
depictions of the land surface, depictions of coarse pixds as mixtures of condtituent components
dlowsfor repested inventories with the praspect of measuring change. Thus for globa monitoring an
operationd gpproach to repested inventorying of land cover using sub-pixd esimatesisthe best
choice

This paper presantsthe firt results of the Vegetation Continuous Fieds (VCF) adgorithm from the
MODIS (Moderate Resolution Imaging Spectroradiometer) land cover suite of products. The
methodology to derive these products fits the generic description of an operationd globa monitoring
dgorithm. It issupervised and derives proportiona cover esimates suitable for change andyses. The
mapping methodology is based on the prior efforts of DeFrieset d. [9] and Hansen et d. [10]. Unlike
other attempts to mgp the earth surface, it operates on the entire globe & once. Mogt other globd
products are actudly individua continental- scale maps which have been stitched together.
Characterizing the globe as awhole enhances the internd consistency of the find map.

The VCF products are globa map layers representing propartiond estimates of badic vegetation
properties. The basic layersindude percent tree cover, percent herbaceous/shrub cover and percent
bare ground. For tree cover, percent leaf type (needldeaf and broadlesf) and percent leaf longevity
(percent evergreen and percent deciduous) are dso induded. The continuous fidd methodol ogy
preserves detal by improving the depiction of heterogeneous landscagpes as compared to
dassfications It dso dlowsfor direct comparison between subsequent products & later dates and,
therefore, the measurement of land cover change. This method for change detection has been
prototyped for detecting long-term forest change globally based on AVHRR data[11,12]. Additiond
themetic layers are being devel oped to enhance the mgps’ usefulness, suich as disturbed/undisturbed



forest layersfor thetropics. Theinitid productsreved adataset of unprecedented detail for agloba
characterization and should be of useto awide array of users, induding biogeochemical modeling
groyps, regional land managers, and consarvationigts.

2. Data

The MODIS inputs consst of 8-day minimum blue reflectance composites For thisinitid effort, the
data were converted to 40 day composites using a second darkest abedo (sum of blue, green and red
bands) adgorithm to reduce the presence of cloud shadows. The inputs date from October 31, 2000 to
December 9, 2001. An extraforty day composite period was added due to data gaps resulting from
temporary sensor outages. The gpproach to mapping fallows that of Hansen et d. [10] which employs
annua phenologica metrics derived from the MODI'S composites to estimate percent tree cover.
Multi-tempora metrics are gppropriate for mapping globd land cover asthey are independent of the
spedific timing of vegetation dynamics. They are designed to work genericaly at the continentd and
globa scde by capturing the slient pointsin the vegetation phenology which are shared by similar

land cover types without regard to specific time of year. Metrics used in the VCF dgorithm arelisted
in Table1l. The MODIS metrics are trained using reference data derived from high-resolution
classifications aggregated to MODIS 500 meter cdls. Thisyidds the continuous percent cover
training data

Table1. Lis of annua phenologicad metrics used in the VCF dgorithm.

Metrics (al derived from 40-day composites) —
For bands 1-7 —

Minimum reflectance

Eighth darkest reflectance

Amplitude of minimum and 5th darkest reflectance
Meen 3 darkest reflectances

Meen 5 darkest reflectances

Mean 8 darkest reflectance

Reflectance at pesk NDVI

Meen reflectance of values corresponding to 3 greenest composites
For NDVI —

Maximum NDVI

Eighth highest NDVI

Amplitude of minimum and 5th highest NDVI
Mean of 3 highest NDVI vaues

Mean of 5 highest NDVI vaues

Mean of 8 highest NDVI vaues

62 total inputs

3. Methods

Thetraining dataand metrics areinput to aregresson tree agorithm, with subsequent stepwise
regresson and bias adjustment steps per Hansen & d. [10]. The regression tree takes the following
form:
o
D= a(y - uy)’

cases( )

where D isthe deviance as measured by the corrected sum of squaresfor asplit. Thisis caculated
fromadl j casesof y and the meen vaue of thase cases u. All input stdlite data are andlyzed across
digitd number vaues and right and left splits are examined. The split which producesthe greatest
reduction in the residua sum of sguares, or deviance, is used to divide the data. and the process begins
again for the two newly created subsets.

Figure 1 shows an example of datainputs and product for the percent tree cover map. Similar
approaches are used for the ather layersin ahierarchicd fashion.  The regression tree was used with
the metrics to predict tree cover based on atraining data set of 271 749 pixels. Regresson trees are



very robust and can fit to noise. In order to better generdize the relationships between dependent and
independent varigbles, atwo- step procedure is undertaken. Frs, aregresson treeisgrown using a50
percant sample of thetraining data. Theremaining hdf of training pixels are then used to prune, or
better generdize theinitid tree. These st aside pixels are run down the tree structure and the initiad
treeis pruned based on where additiond nodes reducethe overdl pruning datasum of squaresby less
then .01 percant. Thisfind treeisthen run onthegloba dataand the mean vaues of thetraining data
present in each node are assigned to the output 500 meter pixels. A stepwise regression isthen run on
each node and a bias adjusment is aso performed for nodes exhibiting skewed distributions. These
twofind steps represant refinementsto theinitia regression tree node estimates and provide for a
more continuous find map.

Peroent tree
Cianopy cover

Figure 1. @ Example of two phenologica metrics, wherered isthe mean NDVI of the 9 greenest
months, and cyan isthe mean red reflectance of the greenest 6 months. Thisfirs MODI'S product
employed 68 such metrics as independent varigblesin predicting tree cover. b) Training Stes
where each 500 meter pixd islabeed a percent tree cover vaue based on interpretations of hight
resolution Landsat imegary. ¢) Thefind product derived usng aregression tree dgorithm.

4. Results

Figure 2 shows the percent tree cover layer dong with percent herbaceous/shrub and percent bare
ground layers. Initid impressions of these data show an increased sengitivity in MODI S data for
mapping low vegetation conditions. The northern limit of the Sahel is mapped without geologic
featuresin the centra Sahara gppearing vegetated, as often occurred in AVHRR depictions.
Additiond layers to separate the components of the short vegetation types are being developed.

Initid results o reved atree cover layer which surpasses AVHRR-derived productsin terms of
spdid detail. Figure 3 shows an example of the MODI S tree cover map compared to an AVHRR
depiction for an areain South America. The apparent blur in the AVHRR signd is due to many factors
incdluding broader bandwidths, Normdized Difference Vegetation Index (NDVI) composting artifacts,
among others.  These factors tend to overemphasize the forest in the depiction. The MODI S dataare
more detailed, the result of the engineering of the bands for land monitoring aswell asthe fact thet the
500 meter red and near infrared bands are derived from 250 meter pixels, greetly reducing adjacency
effectsinthe 500 meter Sgnd.  Quiditativeindicationsfor dl layersindicate greater Spatia detal and
improved spectrd differentiation of cover categories.
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Figure 2. &) Percent bare ground, b) percent short vegetation and ¢) percent tal vegetation layers.
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Figure3. A subsst of the MODIS VCF of percent tree cover for an areain South America centered at
55.38 degrees West, 25.35 degrees South. Country bordersarein black. Paraguay takes up the
magority of theimage in thewes, Brazil is east and Argertina south.

5. Validation

Each cortinuous field layer istied to asingle physognomic vegetation trait. Thisdlowsfor the
implementation of agraightforward field vaidation protocol. For example, the VCF percent tree
cover layer defines atree as any woody plant greeter than or equd to 5 metersin height. Canopy cover
is defined as the percant of sky light in a plane orthogond to the ground which isintercepted by plants
defined astrees. Thus, ameasure of the binomid ditribution of canopy cover can be obtained in the
field and directly compared to the satdllite- derived estimate. Current work is ongoing in vaidating the
percent tree cover layer. Fidd vistsin conjunction with very-high resolution IKONOS imagery and
high resolution Enhanced Thematic Mapper Plus data are used to create vaidation layers of percent
cover for large test arees. Two such arees, onein Western Province, Zambia and another in the Sate of
Colorado in the United States have been completed. Results are shown in Table 2. Each shows
reasonable agreement with the VCF product. The method for creating the vaidation test area data sets
isdescribed in Hansen et d. [13]. Cresting anumber of sites across the globe astest areas for
vdidaing continuous fiedld mgpsisagod of future work.

Table2. Standard error of estimate values a 500 meter spatial resolution for globa VCF percent tree cover map compared with
two validation test aress. Each test areawas derived using field data.and multi-resol ution satellite imagery.

Validation Percent Tree

Canopy Cover Srata <10 11-40 40-60 >60 Overall
Colorado, USA

WRS 085/032 53 133 130 117 11.6
Western Province, Zambia 109 129 147 121 15

WRS 175/070-071




6. Discussion and conclusion

The 500 meter MODIS V CF layers represent amarked advance in the globa mapping of land cover.
The moderate resolution of the MODI S datafills an intermediate step between high and coarse
resolution dataand the spdtid information gained issgnificant. Visblein the 500 meter mgp are
individud dearingsin the Amazon, fire history in the bored zone, rdlic forestsin montane regions of
Africa, among other features not reedily captured at coarser resolutions. The 250 meter MODIS data
are currently being processed for the entire globe. Future maps will employ these data, providing more
spatid detail and affording the opportunity to map at ascale more appropriate for viewing land cover
change[14]. Vdidaionwork isevolving aswel, particularly for the percent tree cover layer. Sites
representative of globa biomes are being chosen and studied with multi- resolution satdllite dataand
fidld datato create coarse resolution vaidation test arees
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